EA C422

BITS PILANI DUBAI CAMPUS
EA C422 — FIBER OPTICS AND OPTOELECTRONICS
II SEMESTER 2012 ~ 13 COMPREHENSIVE EXAMINATION 2 June 2013
Total Marks : 80 Weightage: 40% Time Allowed: 3 hours

INSTRUCTIONS: This paper contains ELEVEN (11) questions and comprises FOUR (4) pages.

Answer ALL questions. Unless specifically stated, all symbols have their usual meanings.

Q1:

Q2.

Q3:

4.

A step index fiber operates at a wavelength of 1.55 pm. The core refractive index is 1.48 and
the relative refractive index difference is 1%. The diameter of the core needed to make the
total dispersion zero is found to be 5 um. Determine the amount of material dispersion
contributed by the fiber at the operating wavelength. At what wavelength is the material

dispersion zero for this fiber?
Assume suitable empirical approximation for the contribution due to waveguide dispersion.

(10 marks)

A graded index optical fiber (Fiber A) with core dia 60 pm, cladding dia 125 pum and profile
parameter of 2.1 is joined with another GI fiber (Fiber B) with core dia 75 pm, cladding dia
125 um and unknown profile parameter cia. The NA of the fibers A and B are 0.25 and 0.21
respectively. The fiber axes are perfectly aligned and there is no air gap. If the total insertion
loss for transmission in the forward direction (A to B) is 5 dB, calculate the profile parameter
olp. What is the insertion loss for transmission in the backward direction (B to A)?

(10 marks)

(i)  Explain why single mode fibers have a much lower core diameter compared to their
multimode counterparts for a given wavelength of propagation?

(i)  Differentiate between Mode field Diameter and Peterman 2-spot size. A typical step
index fiber has a mode field radins 0of 4.9 ym and a normalized frequency parameter of
2.186 for a certain wavelength of propagation. Determine the Peterman radius.

(8 marks)

g owein In a step index fiber shown in Figure 1, the

( maximum value of the angle 6;, for light to be
{ guided through the core is 14.1°. The diameter of

Reileetsd ruy

the core is 100 um. The fiber is placed in air. The
critical angle at the core cladding interface is
80.6°. (a) Determine the refractive indices ny , nz
of the core and cladding layers. (b) What is the

2 . pulse broadening per unit length due to multipath
dispersion for this fiber? (c) Estimate the
Figure 1 maximum number of total internal reflections per

unit length for rays guided by this fiber?

(8 marks)




Q5.

Qo6

Q7.

Q8.

Q3.

Q10.

EA C422

A certain photodiode provides an output photocurrent of 1.5 pA for an input optical power of
4 uW at a wavelength of 1.55 um. If 4 x 10'° photons at a wavelength of 1.55 um are incident
on the photodiode per second, at what rate are the electrons collected at the detector

terminals? '

(4 marks)

The bandgap of InAs is 0.36 eV and that of GaAs is 1.43 eV. Determine the exact
composition of a ternary compound material In,Ga;As that would enable it to be used as an
optoelectronic source emitting at 1550 nm. What are the drawbacks of using a ternary
compound for the active region in a p-n junction optoelectronic source.

(6 marks) '

The power p(t) of light arriving at the receiving end of an optical fiber is a function of time t,
is found to be Gaussian, centered around t = 0 with a peak value of p,. The FWHM of the

pulse is 2+/In2 .

(a) Write down the expressions for p(t) in the range - o< t < 0

(b) Calculate that the energy associated with the pulse.

{8 marks)

Draw the electric field distribution in both the core and cladding layers for a mode represented
by m = 3 in a planar waveguide. What is the nature of the electric field in the core and

cladding?
(5§ marks)

A fiber optic link requires two connectors, one at the transmitting end and another at the
receiving end. The loss at each connector is 1 dB and each splicing accounts for a 0.5 dB loss.
The link of total length 40 km has splices after every 3 km length of fiber. The fiber cable has
the following specifications: cable loss o= 0.5 dB/km, (AT )intramodat = 3 nS/km, (AT )intermodal =
1 ns/km. The source, along with its drive circuit, has a rise time of 12 ns, while the receiver
has a rise time of 11 ns. A safety margin of 10 dB is also required to be maintained, to
overcome any other unforeseen losses. (a) If the minimum power supplied by the optical
source at the transmitting end is I pW, determine the minimum optical power required for a
photo detector to detect at the receiving end. (b) What is the maximum data transmission rate

possible, using the RZ code? '
(10 marks)

Why are Si based p-n junctions not suitable for use as optoelecironic sources?

(4 marks)
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Q11. Design a planar rectangular optical waveguide so as to have a maximum guide thickness to
allow two modes of propagation at wavelength A = 1.31 um. The critical angle for the guide —
cladding interface is 80°. The guide refractive index is 1.5. If the wavelength is reduced to 0.9

pm, how many modes can the guide support now? Use Figure 2.

(7 marks)
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TABLE OF SELECTED CONSTANTS
Parameter Symbol Value Units
Electronic Charge g 16 x 107 C
Boltzmann’s constant k or ky 1.38 x 1023 JK
Permittivity of free space & 8.85 x 10" F/em
Dielectric constant of Si (&) Esy 11.7 -
Speed of light c 3x10® m/s
Plank’s constant h 6.624 x 107 Js
[ Bandgap of Si E, 112 eV
End of Paper
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BITS, PILANI — DUBAI

SECOND SEMESTER 2012 -2013 TEST~2 OPEN BOOK

YEAR IV ELECTIVE (EEE / EIE)

Course Code: EA C422
Course Title: Fiber Optics and Optoelectronics : Max Marks: 40

~ Duration : 50 minutes -

Weightage: 20%

INSTRUCTIONS: Answer ALL questio.ns. All symbols have their usual significance

1. Compare the emitted power characteristics of a typical SLED with an ELED and explain why
SLED can have a superior performance over ELED. What advantages would an ELED have
-over SLED?
{5 marks)
- 2. The bandgap of GaAs and InAs af 300 K'are 1.43 eV and 0.36 eV respectively. Assuming

Vegard's law, express the band gg_' t the ternary compound In,GayAs as a function of in
mole fraction x. What composiﬁon x of In,GayAs would provide an optoelectronic source
emitting light at 1300 nm? What are the advantages of an LED constructed using this

principle?

(i)

{ii)

A Sip-n photodiode is connected to a measuring circuit shown

—current ——w
in Figure 1. The battery voltage is 10V. Resistance R =5 KQ. An
incident light at wavelength 1.55 um provides an input optical
power on the photodicde of 10 pW. Under this condition, the — ===
voltmeter measures 50 mV.

(7 marks}

+ _E_)_a_ittéry ®PD

Determine the Responsivity R and the quantum
efficiency 1 of the photodiode.

voltmeter

Figure 1

If the photodiode has n- and p- regions equally doped to a level of 10" cm?,
determine the depletion region width W where most of the incident optical power is
absorbed. Assume T = 300 K, n, = 10" cm™. Dielectric constant of §i = 11.7,
permittivity of free space = 8.854 x 10™ F/cm, electron charge g = 1.6x10™

Coulomb,

{10 marks)




Why is there a long wavelength cut off in the response of a photodiode above which
'photons are not absorbed by the semiconductor? Draw a typical responsivity characteristics
of ideal and practical photodiode and explain any difference in their characteristics. How can
the quantum efficiency of a practical photodiode be improved?

{6 marks)

A certain photodiode has a res.p‘onsivity R at a wavelength A. An optoelectronic
source as described in Q2 is incident on the photodiode with an optical power of 5
pW. Determine the quantum efficiency of the photodiode that is needed to provide
a photocurrent of 2 pA. If due to some reason the quantum efficiency decreases by
10 %, what input optical power will be needed to maintain the same output

photocurrent?

(6 marks)

Draw the band diagram of a light emitting diode which is biased in a manner that it is able to
emit radiation. Mark the conduction bands, valence bands, Fermi levels and the depietion

region edges in the diagram.

[ 6 marks]

END OF PAPER
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EA C422

BITS PILANI DUBAI CAMPUS

EA C422 — FIBER OPTICS AND OPTOELECTRONICS - Test 1
Sem?2, 2012 2013 | CLOSED BOOK . Time Allowed: 50 mins
Total Marks : 50 Weightage: 25%
INSTRUCTIONS
1. This paper contains SIX (6) questions and comprises TWO (2) pages. Answér ALL

questions. Unless specifically stated, all symbols have their usual meanings.

Q1.

Q2.

Q3

Q4.

Draw the electric field distribution in both the core and cladding layers for a mode

represented by m = 4 in a planar waveguide.
(6 marks)

A light pulse has a power distribution p(t) as a function of time t, as shown in Figure 1. The
FWHM of the pulse is 1.
p(t
(a) Write down the expressions for p(t) in the Py - —— — -
range -AT/2 <t<0 and 0 <t <AT/2.
(b) Show that the energy associated with the
pulse is po.T.
(¢) Determine the rms pulse width o

b

|
|
|
|
|
1
i
0

—AT2 ATt

Figure 1
(10 marks)

A certain planar rectangular optical waveguide of guide thickness 2a and numerical aperture
(NA) is used to propagate light at 1.33 pum wavelength. It is found that the frequency
parameter V decreases by 1 if the wavelength is increased to 1.55 pm. The same decrease in
V is observed if the guide thickness is decreased, with wavelength remaining unchanged at

1.33 pm. By what percentage is the guide thickness decreased?
(10 marks)

Given that the power confinement factor G for symmetric modes is expressed by

e =sec’ (ua) + tan(ua)
wa(l ~G) ua

G for antisymmetric modes can be ‘obtained by replacing any cos(ua) term by —sin(ua) and
sin(ua) by cos(ua) in the above equation.

A planar waveguide is formed from a 6.523 um thick core film of diclectric material of
refractive index 1.50 sandwiched between the cladding slabs of a similar material for which
the relative refractive index difference (w.r.t. core) is 0.01324. Calculate the G factors for the
modesrsilﬁpbrted by the waveguide when light of wavelength 1.0 pm is propagating through

the waveguide.
. (10 marks)




Q5.

Q6.

EA C422.

A single mode rectangular guide has n; = '1.48, n, = 1.46 and is designed to guide a light

source at 1.55 um such that va = 2wa.

Determine the frequency parameter, V. What is the thickness of the guide?

n, Mg oo j In a step index fiber shown in figure 1, the maximum
o waetns | value of the angle O;, for light to be guided through the
N [ core is 14.1°. The fiber is placed in air. The critical
V o 1 angle at the core cladding interface is 80.6°. Determine
1 | the refractive indices n; , ny of the core and cladding
My awss | layers. If the fiber is placed in water, what will be the
maximum angle 85, ?. ‘ [ 6 marks]

Figure 1 '
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End of Paper

(8 marks)
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NAME: ID NG:

' BITS PILANI DUBAI CAMPUS
EA C422 ~- FIBER OPTICS AND OPTOELECTRONICS - Quiz 2

Sem?2, 2012 2013 CLOSED BOOK Time Allowed: 20 mins
Total Marks : 14 Weightage: 7%
INSTRUCTIONS

Answer ALL questions. Unless specifically stated, all symbols have their usual meanings.

Q1 (a) Draw a structure of a p-i-n photo diode. Indicate proper biasing of the diode and show how
an incident light is detected as an electrical signal across a suitably connected load.

{b) Under the biasing condltions described in part (a), draw the electric field dlstrlbutlon
inside the p-i-n structure ‘

[6 marks]

Q2 An Avalanche photo diode has a quantum efficiency of 50% at 1.55 um wavelength. When
illuminated with an optical power of 0.2 uW at this wavelength, it produces an output
photocurrent of 5 pA, after avalanche gain. Calculate the muitlphcatlon factor of the APD

- {3mark}
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NAME;:

Q3

ID NO:

The response of a longitudinal electro optic modulator is given by (I/I,) = sin’[(7/2)(V/V )]
where I is the output intensity for an applied voltage V. I, is the maximum intensity for an
applied voltage V.. Show that by introducing a quarter wave plate, the intensity of the

transmitted beam varies linearly with V. Derive the simplified equation for (I/,)
(5 marks)
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NAME: ID NO:
BITS PILANI DUBAI CAMPUS
EA C422 — FIBER OPTICS AND OPTOELECTRONICS - Quiz 1
Sem2, 2012 2013 CLOSED BOOK Time Allowed: 20 mins
Total Marks : 8 Weightage: 8%

INSTRUCTIONS Answer ALL questions.

01

Q2

Q3

What is the difference between propagation phase constant 4 and the normalized propagation pararﬁeter b ? The
refractive index of core and cladding layers of a SI fiber are 1.48 and 1.465 respectively. Light of wavelength

0.85 pm is guided through it. Caleculate the minimum and maximum values of #. If the diameter of the core is 50

um, how many modes can be guided?
. [3 marks]

A fiber is having a triangular graded index core with a maximum index or 1.5 along the axis, and a relative
refractive index difference of 1.3 %, what diameter of the core is required to guide a single mode only at 1.55 ym

wavelength?.
_ {3 mark}

Explain the terms Intrinsic and Extrinsic absorption with reference to losses due to material absorption in fibers.
If the attenuation in a fiber due to absorption is governed by Beer’s Law, write down an expression for the

absorption coefficient o. How does Rayleigh’s scattering depend on the wavelength?
(2 marks)
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